Of 137 Staphylococcus aureus strains, 87 agglutinated in normal rabbit serum. The agglutination was shown to be caused by the Fc-part of immunoglobulin G (IgG). F(abl)2-fragments of IgG and immunoglobulin M (IgM) in corresponding concentrations were unreactive. The agglutinating strains had a high or moderate content of protein A. Strains with a low content of protein A and protein A-negative mutants did not agglutinate. The importance of the reaction between the Fc part of IgG and protein A for serotyping of S. aureus is demonstrated. Two alternative methods for serotyping S. aureus are suggested, using either F(ab')2 fragments of IgG or intact IgM.
Agglutination of several Staphylococcus aureus strains by normal sera (man, rabbit, mouse) has been observed by many investigators (3, 4, 9, 16) . Protein A, a cell wall component of S. aureus (6, 13, 15, 23, 34) which reacts with the Fc fragment of immunoglobulin G (IgG) from different species (8, 9, 18, 20) , has been suggested to be identical with the agglutinogen (16, 17, 34) . Other investigators have shown that protein A and the agglutinogen are not identical substances (3, 4, 11) . It has been reported that the agglutinogen responsible for the agglutination of S. aureus in normal rabbit sera is not identical with protein A but with some other substance present in S. aureus and preparations of crude protein A (11, 12) .
Because of the conflicting reports, based mainly on work with rabbit sera, the present investigation was undertaken to reexamine the role played by protein A in agglutination of S. aureus. As serum from rabbits is generally used for serotyping of S. aureus, a reaction between normal rabbit immunoglobulin and S. aureus could interfere with the serotyping reactions. If Mutants and revertants. The mutants and revertants used in this paper were described in a previous report (7) . S. aureus Cowan I was exposed to nitrosoguanidine or ethylmethanesulfonate, and survivors were screened on nutrient agar plates containing rabbit anti-protein A serum for loss of protein A production. More than half of all protein A-deficient mutants also lacked nuclease, coagulase, a-hemolysin, fibrinolysin, mannitol utilization, and the phage type pattern. Mutants with various combinations of these deficiencies were also isolated. Induced or spontaneous revertants of the mutants were obtained.
Sera. Pooled serum from 25 nonimmunized rabbits was used as normal rabbit serum. Anti-staphylococcus serum was obtained by weekly serial intravenous injections of Formalin-killed bacteria in rabbits by the method of Oeding (28) . Antiserum to E. coli was obtained by weekly injections of living bacteria until a slide agglutination titer of 1:64 was recorded. Antiserum to protein A was produced by immunizing rabbits with highly purified protein A. Two subcutaneous injections of 0.25 mg of protein A in Freund's adjuvant were given 3 weeks apart. Blood was collected 2 weeks after the last injection (9) .
Preparation of rabbit IgG. Ammonium sulfate precipitation followed by chromatography on a diethylaminoethyl (DEAE) cellulose column in AGGLUTINATION OF S. AUREUS 0.0175 M Na2HPO4 (pH 6.3) was used for purification of rabbit IgG (9 ) to a concentration of 5 mg/ml. Analytical ultracentrifugation of this preparation showed that it consisted of more than 95% of 19S material (Fig. 1) . In immunoelectrophoresis, it gave a single line against a donkey anti-rabbit plasma protein serum (Fig. 2) .
Pepsin digestion. Pepsin digestion of IgG was performed as described by Nisonoff (27) . Pepsin (Worthington Biochemical Corp.) was used in the following proportion: 1 mg of enzyme per 50 mg of IgG in 0.1 M sodium acetate (pH 4.5). As a control, anti-E. coli IgG was added before digestion with pepsin in a concentration corresponding to 2% of the IgG concentration of the sample.
When pepsin-digested IgG preparations were tested for their ability to agglutinate E. coli 0111, no significant decrease in titer was observed as compared with the nondigested material, indicating that the specific antibody-reactive sites were intact (1) .
Papain digestion and separation of papain fragments. IgG globulin was digested by the method of Porter (30) Isolation of the agglutinating factor in serum. By analyzing fractions obtained by gel filtration of pooled normal rabbit serum on Sephadex G-200 (10), all agglutinating activity could be shown to be located in the second peak, corresponding to IgG (Fig. 3) after gel filtration of the agglutinating fractions on Sephadex G-200 showed that all agglutinating activity was confined to IgG. No agglutination was obtained with purified IgM. The agglutinin titer was not reduced by heat treatment at 60 C, which further excludes the possibility that degradation products of fibrinogen are responsible for agglutination of S. aureus in normal rabbit sera (14, 22) .
Reactions with IgG from normal rabbits. All strains (87 of 137) which agglutinated in normal rabbit serum also gave a positive reaction with isolated IgG in a concentration of 10 mg/ml. Agglutination with IgG from immunized rabbits. Figure 4 shows agglutination reactions obtained with IgG from rabbits immunized with S. aureus strain 17 A (Oeding). The S. aureus strains tested are type strains used for serotyping of S. aureus. As shown in the figure, F(ab')2 fragments of IgG gave a lower agglutination titer than did intact IgG (two to four titration steps) with strain 17 A, used for immunization, and strains 670, Cowan I, and 1503. All of these strains are stated to have antigenic similarities, with antigens a5 and hl in common, according to Oeding (29) . Strain 5687 is also known to be antigenically related to these strains. However, with this strain, which has a low content of protein A, the same agglutination titer was recorded for F(abl)2 and intact IgG. With strains 2235 and 1015, which lack antigenic similarities to strain 17 (-) indicates no reaction recorded. aureus 17 A serum, the same serum used for isolation of specific IgG. Figure 5 shows that IgM agglutinated bacteria of strain 17 A used for immunization, and also strains 670, Cowan I, and 1503, which have antigens in common with 17 A. Strains 2235 and 1503, which are antigenically dissimilar, were not agglutinated. Strain 5687, which gave a weak reaction with F(ab1)2 from IgG was not agglutinated by IgM in a concentration of 1 mg/ml. At higher concentrations of IgM, a weak reaction was recorded.
Adsorption of factor sera by Oeding method. Rabbit anti-S. aureus 17 A serum was adsorbed by the Oeding scheme for production of specific factor sera aS and hl. Figure 2 shows the results obtained when the anti-S. aureus 17 (15) .
From the adsorption experiments with protein A described above (15, 16, 23, 34) , it is impossible to conclude that protein A is the substance responsible for agglutination by normal rabbit sera. It is now well known that protein A reacts with the Fc part of mammalian IgG (8.9, 18) . It has been shown that adsorption with S. aureus can remove more than 90% of the IgG in normal rabbit serum (21) (33) . A reaction between protein A and the Fc part of antibodies used for serotyping can obviously contribute to these difficulties. Our study shows that IgG from rabbits immunized with S. aureus strains reacts with the strains used for immunization and with antigenically similar strains and, in addition, with strains containing a significant amount of protein A. The F(ab')2 fragments obtained by pepsin digestion of the IgG molecules do not react with protein A but give a specific agglutination reaction with S. aureus strains containing antigens in common with the strain used for immunization. We have further shown that careful adsorption with S. aureus to produce specific factor sera removes IgG but that the adsorbed serum still agglutinates the S. aureus strain used for immunization and strains with common antigens, IgM was shown to be responsible for this agglutination. It is therefore suggested that F(abD)2 fragments of IgG or intact IgM be used for specific serotyping of S. aureus. The excellent technical assistance of Agneta Grandin is gratefully acknowledged.
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